Transport of triglycerides from intestine to blood and from blood to adipose and other organs involves several steps. In the intestine, pancreatic lipase partially hydrolyzes the dietary fat. During absorption, fatty acids and lower glycerides are reesterified and discharged into the lymph as chylomicrons. From lymph they pass to blood, and then to various tissues, notably liver and adipose tissue (1) (2) (3) . During alimentary lipemia, the fat particles of blood plasma are heterogeneous (4, 5) . In addition to chylomicron-type particles ("primary" particles), a second group of particles can be demonstrated. These particles, called "secondary" particles, behave differently during electrophoresis and during flocculation by polyvinylpyrrolidone (PVP). The fatty acid composition of the triglycerides contained in the secondary particles varies during alimentary lipemia. Two hours after a fatty meal, the composition resembles that of depot fat; at 9 hours, it resembles the composition of fed fat. It is evident that dietary lipids enter the secondary particles. This can be seen clearly after feeding corn oil, a fat rich in linoleic acid. The ratio of linoleic acid to oleic acid in corn oil is 1.7 . In a typical study of alimentary lipemia produced by feeding corn oil (4), the value of this ratio in the secondary particles at 2 hours was 0.37, and at 9 hours, 1.37.
A mixture of triglycerides containing both dietary and endogenous fatty acids might be formed either by re-esterifying a mixture of endogenous and dietary acids after hydrolysis of dietary fat, or by incorporating into the same particles intact unhydrolyzed dietary triglycerides and endogenous glycerides. To determine which of these processes accounts for the composition of the secondary particles, methods to separate triglyceride molecules must be used. In the experiments reported here, the fed fat contained a characteristic group of triglyceride molecules whose survival could be followed during fat transport. The evidence indicates that a considerable number of triglyceride molecules having the structure of dietary fat are incorporated into the secondary particles.
Methods
To resolve triglycerides into fractions containing molecules with as many as six double bonds, the method of Kaufmann and Wessels (6) was used with but slight modification. This method is an extension of the original procedure of Barrett, Dallas, and Padley (7) (8) .
For each fraction obtained from the plate, the fatty acid composition was determined. The ratio of triglyceride fatty acids to the arachidic acid standard was also determined in each fraction, and from the values of this ratio in all the fractions, the proportions of glycerides in the different fractions were calculated. Quantitative recovery of separated glycerides was checked as follows: A mixture of tripalmitin, triolein, and trilinolein was made from pure materials, and its composition was determined acid methyl e of the mixides were determined with the internal standard method described above. The results are presented in Table I Results I. The glycerides of safflower oil. The triglycerides of a commercial safflower oil were isolated by preparative thin-layer chromatography on unmodified silica gel G. Two samples of this triglyceride of about 30 mg each were then analyzed by chromatography on thin layers of AgNO3-silica gel G. Nine bands were observed (Figure 1 ). The upper four bands contained less than 4% of the total sample and were pooled as one fraction. For each fraction, Table II In addition, hydrolysis and esterification in the intestine cannot significantly alter the proportions of the glycerides, since most of the fatty acids on the middle glycerol carbons are not hydrolyzed (15) . Seven normal fasting males were fed 200 g of safflower oil mixed with fat-free milk. Five hours later, venous blood was collected from each subject and prevented from clotting with Versene. Nineteen and two-tenths ml of plasma from each subject was fractionated with PVP-gradient tubes. Since each tube accommodates 0.8 ml of plasma (4), 24 gradient tubes were prepared for each of the seven subjects. The plasmas were only moderately turbid, and there were not enough primary particles for analysis. The secondary particles were removed and their triglycerides isolated. The fatty acid composition of each triglyceride sample was determined. To have sufficient material for glyceride analysis, the seven samples were pooled. About 10 mg of secondary particle triglyceride was then fractionated by chromatography on AgNO3-silica gel G. Figure 2 shows this chromatographic plate and the manner in which the fractions were numbered. Table III lists of the sample. The other, more saturated glycerides of the secondary particles are esterified from a blend of endogenous and dietary fatty acids.
The structure of the secondary particle triglyceride described in this report can be understood in the light of recent investigations of the origin of these particles. Bierman and Strandness have 1ENOCH GORDMS shown (16) that secondary particles can be formed within the circulating blood from primary particles without the intervention of the liver. When lymph was infused into hepatectomized, partially eviscerated dogs, secondary particles were produced. Secondary particles were also produced in vitro by incubating lymph with appropriate amounts of clear plasma. Bierman has proposed that secondary particles result from the interaction of primary particles with a soluble plasma lipoprotein. Plasma lipoproteins are synthesized by the liver. During alimentary lipemia, dietary fatty acids are incorporated into lipoprotein triglyceride as well as into particles (17, 18) . The mechanism proposed by Bierman strongly suggests that the triglyceride of the secondary particle would consist of a mixture of molecules from two sources: primary particle triglyceride, containing molecules with the structure of dietary fat, and lipoprotein triglyceride, containing molecules produced in the liver by esterification of both dietary and endogenous fatty acids.
The extent to which triglyceride molecules survive in the body with their original glycerol and fatty acids attached to each other has been studied with fat labeled in both the glycerol and fatty acid moieties. Reiser, Williams, and Sorrels (19) fed tracer amounts of glyceryl-C14-tripalmitate-H3 to rats. Three hours later, the isotope ratio C14/H3 in the triglycerides of blood and liver was one-half its original value. At 6 hours the ratio in plasma was still two-fifths of its initial value. The isotope ratio in individual lipoproteins was not studied. It may be objected that the labeled materials, although present in the same sample, may no longer have been esterified as tripalmitin. However, when the data of Reiser and associates are considered, together with the glyceride analysis of secondary particles reported here, the survival of dietary triglyceride molecules appears highly likely.
The study of Borgstr6m and Jordan (20) , however, appears inconsistent with this conclusion. These investigators injected intravenously doubly labeled chylomicrons obtained from rat lymph. The ratio of glycerol to fatty acid radioactivities in the neutral fat of plasma dropped to one-tenth its original value in 40 minutes. The experiments of Borgstr6m and Jordan, however, differ in two respects from those reported here and from those of Reiser, Williams, and Sorrels. First, Borgstr6m and Jordan pulse labeled the plasma compartment by a single injection of radioactive chylomicrons, whereas Reiser's study and the present one involved, in effect, the continuous infusion of chylomicrons into the circulation. In addition, the physical state of the material injected by Borgstrom and Jordan differed markedly from its physiological state. Lymph chylomicrons were injected, but they were "washed" by centrifugation into saline before use. It is uncertain if normal particles and particles deprived of their protein milieu by washing have the same fate during transport.
Summary
The structure of the triglycerides in the secondary particles of alimentary lipemia was investigated. Normal subjects ingested a fat containing a distinctive group of triglycerides. The secondary particles appearing in the blood contained a large proportion of these triglycerides. It is concluded that secondary particles contain triglycerides from two sources: triglycerides having the structure of dietary fat, and other triglycerides esterified from a mixed pool of endogenous and dietary fatty acids. These results are consistent with Bierman's recent proposal that secondary particles originate in the blood by instantaneous mixing of primary particles from the lymph and soluble lipoprotein without intervention by the liver.
